Neisseria meningitidis is a Gram-negative aerobic diplococcus, responsible for a variety of meningococcal diseases. The genome of N. meningitidis MC58 is comprised of 2114 genes that are translated into 1953 proteins. The 698 genes (*35%) encode hypothetical proteins (HPs), because no experimental evidence of their biological functions are available. Analyses of these proteins are important to understand their functions in the metabolic networks and may lead to the discovery of novel drug targets against the infections caused by N. meningitidis. This study aimed at the identification and categorization of each HP present in the genome of N. meningitidis MC58 using computational tools. Functions of 363 proteins were predicted with high accuracy among the annotated set of HPs investigated. The reliably predicted 363 HPs were further grouped into 41 different classes of proteins, based on their possible roles in cellular processes such as metabolism, transport, and replication. Our studies revealed that 22 HPs may be involved in the pathogenesis caused by this microorganism. The top two HPs with highest virulence scores were subjected to molecular dynamics (MD) simulations to better understand their conformational behavior in a water environment. We also compared the MD simulation results with other virulent proteins present in N. meningitidis. This study broadens our understanding of the mechanistic pathways of pathogenesis, drug resistance, tolerance, and adaptability for host immune responses to N. meningitidis.
Introduction
N eisseria meningitidis MC58 belongs to the Gramnegative bacterial family of Neisseriaceae, and is an encapsulated and delicate aerobic diplococcus bacterium. Among the primary sources of bacterial meningitis worldwide, it is believed that only N. meningitidis can trigger epidemic conditions by causing manifestations such as pneumonia and sepsis ( Jafri et al., 2013) . This bacterium generally inhabits the cavity of the patient's nasopharynx. It causes life-threatening meningococcal diseases in children, especially in industrialized countries of Asia and Africa (Stephens et al., 2007) . N. meningitidis is classified into 12 well-defined serogroups (viz., A, B, C, W, X, and Y) on the basis of the outcomes of genome typing techniques and their structural distinctions present in capsular polysaccharides, outer membrane proteins, as well as lipo-oligosaccharides (Broker et al., 2014; Rouphael and Stephens, 2012) . Various recombinations and horizontal exchange of genes within the meningococcal genomes are responsible for the antigenic diversity among colonel complexes, leading to a distinctive clone expression (Read, 2014) .
A variety of virulence factors are responsible for the pathogenesis of N. meningitidis, including capsular polysaccharides (CPS), lipo-oligosaccharide (LOS), and adhesins (Hill et al., 2010) . The CPS, considered to be a key virulence factor, is comprised of N-acetyl-mannosamine-1-phosphate subunits with phosphodiester linkages (Fiebig et al., 2014) . CPS enables this pathogen to escape the phagocytic complement-mediated mechanisms of the host and also forms the source for immunological serogrouping (Stephens et al., 2007) . The sequenced genome of the MC58 strain of N. meningitidis contains 2,272,351 bps that are expressed in about 1953 proteins. It shows the presence of 2158 coding regions, of which 53.7% of the coding regions in the genome were allocated a biological function, while 35% were found to be ''hypothetical proteins (HPs)'' (Tettelin et al., 2000) .
HPs are predicted proteins with no experimental validation at the biochemical level of protein expression (Shahbaaz et al., 2014a; . Approximately half of the proteins are not functionally characterized in the majority of the sequenced bacterial genomes. Identification of their natural functions will be useful in completing the available genomic information (Loewenstein et al., 2009; Nimrod et al., 2008) .
However, in order to understand the biochemical importance of these HPs, a precise functional annotation is necessary (Kumar et al., 2014a; . These predictions lead to the detection of new structure-function relationships and will be beneficial in uncovering an array of undetermined metabolic pathways in the organisms (Hassan and Ahmad, 2011; Hassan et al., 2008a; 2013b; Nimrod et al., 2008; Sinha et al., 2015; Zaidi et al., 2014) . For structure-based drug design and discovery, we need some of the potential drug targets (Hassan et al., 2007a; 2007b; 2008b; 2013a; Naz et al., 2013; Thakur and Hassan, 2011; Thakur et al., 2013) . Hence, HPs are also potential markers and targets for therapeutic agents in drug design and discovery (da Fonseca et al., 2012; Lubec et al., 2005; Minion et al., 2004) .
We assumed that integration of several bioinformatics tools for sequence analyses and function predictions would be helpful in the annotations of these HPs (Shahbaaz et al., 2013) . For this purpose, a sequence probing tool such as BLAST (Altschul et al., 1990) was used for searching the functional related homologs in various biological databases (Shahbaaz et al., 2013) . Furthermore, tools such as Pfam (Bateman et al., 2002) , SBASE (Vlahovicek et al., 2003) , and SYSTERS (Krause et al., 2000) were used for the characterization of functional motifs and domains. These tools will provide a basis of identifying the role of these proteins in the biochemical processes (Rost and Valencia, 1996) .
In a metabolically efficient biological network, the study of interactions between protein units and that of surrounding molecules by means of the STRING database (Szklarczyk et al., 2011) significantly improves the understanding of their roles in certain pathways. Finally, all above-mentioned tools were used to predict the functions of 698 HPs present in the genome of N. meningitidis. The functions of 363 HPs were predicted successfully. Among these proteins, the virulence factors were further classified using the information available from virulence prediction servers. The top two HPs with highest virulence scores were selected and subjected to Molecular Dynamics (MD) simulations to better understand their conformational behavior in a water environment.
Materials and Methods
The HPs present in the genome of N. meningitidis were annotated by using our previously designed protocols. This process of characterization contain three stages as depicted in Figure 1 . The initial phase involved the characterization of HPs and their sequence retrieval from databases such as Uniprot (Apweiler et al., 2004) . At the second level, HPs were subjected to various prediction tools concerning physicochemical properties, localization in subcellular environment, function, and domain annotation including interaction network. Finally, the precise functions were assigned to majority of HPs based on the consensus results obtained. Details of the methodology employed in each stage, followed by the MD simulations are presented below.
Sequence retrieval
The NCBI database (http://www.ncbi.nlm.nih.gov/genome/) provided a list of 698 HPs in the genome of N. meningitidis. The ''Gene ID'' of each HP was used to search the database of Uniprot (Apweiler et al., 2004) , in order to obtain the sequence and primary accession number of these proteins. The sequences of HPs (<60 amino acids) were considered nonsignificant, since previous studies show that such proteins do not reveal the presence of any reliable homologs (Kumar et al., 2014b; Shahbaaz et al., 2013) . Furthermore, if distinctive searches recognized a similar accession number for a group of HPs, then those proteins were considered as the ''redundant.'' The HPs fulfilling the above explained criteria were considered for further analyses.
Primary parameters' analyses
The Expasy's ProtParam server (http://web.expasy.org/ protparam/) was used to predict the molecular weight, isoelectric point, and other physicochemical properties of non-redundant 670 HPs. Moreover, the prediction of the localization of these HPs in the cellular framework can be used to classify them in the form of targets to a vaccine that are generally membrane proteins (Hara et al., 2009 ). In the case of drug discovery, proteins localized in the cytoplasm are considered as the suitable targets (Yanamala et al., 2012) . Since the localization studies of a majority of these HPs were not validated by the experimental studies, varieties of servers were used to localize the HPs appropriately. The PSLpred (Bhasin et al., 2005) uses support vector machine (SVM) based algorithms to predict the subcellular localization of bacterial proteins. These predictions were validated by the CELLO (Yu et al., 2004; and PSORTb (Yu et al., 2010) servers. Furthermore, SignalP 4.1 (Emanuelsson et al., 2007) was used to identify the presence of signal peptides in the sequences of HPs and SecretomeP (Bendtsen et al., 2005) to check the involvement of these proteins in nonclassical secretory pathways. Similarly, HPs involved in the mechanisms associated with transport were identified through the detection of transmembrane helices by TMHMM (Krogh et al., 2001 ) and HMMTOP (Tusnady and Simon, 2001) servers.
Function and domain analysis
The identification of sequence similarity in the biological databases (Altschul et al., 1990 ) was assumed to be a fundamental step for the function prediction of HPs (Shahbaaz et al., 2013) . During the BLAST analysis, a protein with high sequence identity (>40%) with HPs was considered as an adjacent homolog, with the remaining as distant homologs. The sequence search that showed low identity between the sequences (£20%) and a query coverage (<50%) were rejected. The results satisfying the above criterion of the sequence similarity searches were assumed to be the possible functional homologs of the respective HPs (see Supplementary Table S3) .
Updated databases such as Pfam (Bateman et al., 2002) , SYSTERS (Meinel et al., 2005) , SMART (Letunic et al., 2012) , Conserved Domain Database (CDD) (Marchler-Bauer et al., 2011) , and SBASE (Vlahovicek et al., 2003) were used to identify the characteristic functional domains by utilizing the sequence of these HPs. CDD is an open source database present in the NCBI for the functional characterization of protein sequences by using annotation of conserved domain footprints. Similarly, SMART (Simple Modular Architecture Research Tool) was used to perform the search based on domain architecture and profiles in Swiss-Prot (Gasteiger et al., 2001 ), SP-TrEMBL (Bairoch and Apweiler, 2000) , and stable Ensembl (Hubbard et al., 2002) databases. In addition, the motif detection was performed using InterProScan (Quevillon et al., 2005) and MOTIF (http://www.genome.jp/ tools/motif/) to predict the functional signature in the sequences. Further, in a metabolic network, adjacent proteins often transform the activity as well as the function of a given protein. Thus, information about the proceedings of the interactions between the proteins is assumed as crucial for predicting the precise function of a protein. Hence, we used STRING database (Szklarczyk et al., 2011) to predict functional partners of HPs in a biological network.
Virulence factor prediction
Virulence factors (VFs) are crucial for severity of disease (Baron and Coombes, 2007) and hence they are considered as effective targets in drug design and discovery. Varieties of un-annotated VFs were classified using VICMpred (Saha and Raghava, 2006) and VirulentPred (Garg and Gupta, 2008) servers that are SVM-based methods with an accuracy of 70.75% and 81.8%, respectively. Similarly, BTXpred (Saha and Raghava, 2007) and DBETH (Chakraborty et al., 2012) servers were used for prediction of the bacterial toxins.
Structure prediction
Three-dimensional (3-D) structure analyses were performed on the HPs with the highest predicted virulence scores. The BLAST module present in the Discovery Studio (DS) (Accelrys, 2013) was used for the identification of similar structural templates for the given HPs. The 3-D structures were predicted using the ab initio algorithm of I-TASSER ( Roy et al., 2010) . The assessment of the predicted models was carried out using TM score (Zhang and Skolnick, 2005) and Root Mean Square Deviation (RMSD) values computed using ITASSER. The selected models were subjected to energy minimization and optimization using the refinement modules of the DS. The reliability of structure predictions were analyzed by using the DALI server (Holm and Rosenstrom, 2010) that compare the generated 3-D structures of HPs with other proteins present in the structural databases.
Molecular dynamics simulation
Molecular dynamics (MD) simulation was performed on the modeled structures of the selected virulent HPs using GROMACS (version 4.5.6; Van Der Spoel et al., 2005) . In order to improve the electrostatic interactions, the virulent HPs were investigated with Optimized Potentials for Liquid Simulations-All Atoms (OPLS-AA) force-field and solvated in the single point charge (SPC) water model simulated using the Particle Mesh Ewald (PME) summation under periodic boundary conditions (PBC). An initial structure of the protein was energetically minimized with a convergence criterion of 0.005 kcal mol -1 using the steepest descent algorithm. The minimized structures were equilibrated for 1 ns using the NVT and NPT ensemble conditions. The MD simulations were performed for 100 ns using the LINCS algorithm of GROMACS with a time step of 2 fs. The g_cluster module in GROMACS was used for the clustering of generated conformations, based on the Javis Patrick clustering algorithm used with cutoff values set at 0.1 nm to organize the nearest structures. The central conformation present in the most densely populated cluster was used as the reference for the calculation of RMSD and Root Mean Square Fluctuation (RMSF). Further analyses were carried out using the utilities present in the GROMACS package.
Results
Outcomes of primary sequence analyses and function predictions are listed in Supplementary Tables S1-S4 (supplementary material is available online at www.liebertpub.com/ omi). The consensus between the resulted prediction was formed on the basis of the similarities among the end results produced by tools in the adopted pipeline (Fig. 1) . If three or more prediction tools detected or classified a similar function for any given HP, then it was assumed to be a possible function of the respective HP. These analyses showed that functions of 363 HPs from N. meningitidis were predicted successfully (Tables 1, 2, and 3). We further classified these annotated HPs among 41 functional categories of the proteins, which included 39 transferases, 14 peptidases, 16 oxidoreductases, 16 hydrolases, 4 sulfatases, 5 translocases, 9 synthase, 11 restriction enzymes, 6 hydrogenases, 6 lyases, 7 nucleotidases, 79 transporters and carrier proteins, 11 bacteriophage-related proteins, 20 virulence-related proteins, 10 immunity proteins, and 15 binding proteins (Fig. 2) . These HPs showed high similarity to various functionally characterized proteins in the databases and may play an essential role in pathogenesis of the organism.
Sequences of 363 functionally annotated HPs were subjected to various virulence prediction servers. The VICMpred, based on the dataset of Gram-negative bacterial proteins, was assumed to be the primary method for the classification of virulent HPs. The classifications performed by VirulentPred, DBETH server, and BTXpred were used for the validation of VICMpred predictions (listed in Supplementary Table S5 ). The VICMpred classified 22 HPs as virulence factor (Table 4) . The similarity search was performed for these proteins in genomes of other strains of N. meningitidis in order to identify the possible homologs (Table 5 ). The eight strains of N. meningitidis showed the presence of similar proteins in their proteome (Table 5) . HP Q7DDQ9 and HP Q9JYT4 were predicted to be the most virulent proteins (Table 4) .
In the absence of a reliable template in the protein data bank (PDB), structure of both proteins were predicted using the I-TASSER ab intio algorithm. The predicted model of HP Q7DDQ9 displayed 90.0% (i.e., 135) in the allowed region of the Ramachandran plot, while 8.7% of the residues belong to the marginal region and the rest in the disallowed region. Similarly, the 3-D structure of HP Q9JYT4 showed 88.9% in the allowed region, 9.2% in the marginal, and 1.9% in the disallowed region. Furthermore, the reliability of the predicted structures of both proteins were assessed using structural comparison protocol of DALI server. HP Q7DDQ9 showed structural similarities to lipopolysaccharide export systems with an RMSD range of 0.6-2.3 Å .
Similarly, HP Q9JYT4 demonstrated similarities to Gprotein-signaling modulator 2 with RMSD ranges of 1.1-3.5 Å . The structure of HP Q7DDQ9 (Fig. 3A) was predicted using periplasmic lipopolysaccharide transport protein LptA (PDB ID-2R19). This protein showed a structure similar to lipopolysaccharide transport protein, with the lipopolysaccharides being the major class of N. meningitidis virulence factors produced by a robust pro-inflammatory reaction in the mammalian host during the meningococcal infection (Zarantonelli et al., 2006) . Therefore, this HP is considered as important for the pathogenesis. On the other hand, the 3D structure of HP Q9JYT4 showed all a-helix topologies ( Fig. 4A ) with a characteristic tetratricopeptide repeat (TPR). In order to understand the conformational behavior of these HPs, we performed the comparison of various generated parameters during simulation processes. The HP Q7DDQ9 was found to be unstable as the RMSD plot showed a steep increase up to 25 ns (Fig. 3B) . The radius of gyration showed a similar non-uniform behavior and the residues displayed higher fluctuations ( Fig. 3C and D) . The average RMSD, R g , and total energy of the system were 0.43 nm, 1.68 nm, and -6.95 · 10 5 kJ mol -1
. Moreover, the MD simulations showed that HP Q9JYT4 is highly unstable, with continuous variations depicted by the RMSD and Rg plots throughout 100 ns ( Fig. 4B and C) . This result is complemented by the RMSF values indicating the presence of high energies in the constituent residues (Fig. 4D) . On an average, the RMSD, R g , and total energy values were 1.03 nm, 2.32 nm, and -1.23 · 10 6 kJ mol . In addition, the R g values fell among 2.35 nm-3.30 nm.
Discussion
With the exponential growth in genomic data, the number of protein sequences also increase rapidly in the biological databases (Gerlt et al., 2011) . The proteins of unknown functions form the major part of the sequenced proteomes (Gerlt et al., 2011) . The functional annotation of these proteins will allow precise understanding of the physiology and metabolism of various bacterial pathogens (Gerlt et al., 2011) . Therefore, functional annotation of 698 HPs present in N. meningitidis will be significant in order to identify the chemotherapeutic targets against its pathogenesis. Due to limitations of the computational methods, only 363 HPs were annotated precisely. Furthermore, classification of protein into respective families is essential for phylogenetic analyses and functional characterization (Gerlt et al., 2011) . Consequently we classified the 363 HPs into 41 classes of proteins. The identified functional classes are explained here in detail.
Enzymes 153 HPs were classified as enzymes (Table 1) . Thirty-nine HPs with transferase-like properties were observed in the annotated set of proteins. The majority of this class showed SAM-dependent methyltransferase-like activities. These HPs may play an essential role in the process of methyl transfer to a variety of biomolecules such as proteins, nucleic acids, lipids, and small secondary metabolites (Struck et al., 2012) . Hence, these HPs were considered significant for host-pathogen interactions (Struck et al., 2012) . HP Q9JZ42 showed the presence of ribosomal RNA large subunit methyltransferase RlmN/Cfr activity (Toh et al., 2008 ) that may be responsible for alteration of adenosine in 23S rRNA, and may play an important role in the process of protein synthesis (Toh et al., 2008) . Furthermore, HP Q9JXE3 was found to be a RsmI AdoMet-dependent methyltransferase. The latter enzyme is responsible for the maintenance of homeostasis by regulating the protein interactions and clearing the toxic substances (Lissina et al., 2013) . The HP P57099 was identified as glycerate kinase, which may be involved in the phosphorylation of glycerate, particularly to 2-phosphoglycerate (Reher et al., 2006) . Fourteen HPs were categorized as peptidases. HP Q9K1P6 displayed imelysin-like peptidase activity and may be involved in iron uptake mechanisms (Xu et al., 2011) . The muramoyltetrapeptide carboxypeptidase nature observed in HP Q9JYE3 may be essential for maintenance of the cell shape (DasGupta and Fan, 1979) . Peroxidase-like activity was present in two HPs (Q9K1P5 and Q9K036). Therefore, we assumed that these antioxidant enzymes may be important for the survival of organism in the host (Moore and Sparling, 1995) . Similarly, enzyme-like DsbA is among various significant oxidoreductase present in the periplasm of this HYPOTHETICAL PROTEINS OF NEISSERIA MENINGITIDISpathogen. These proteins are involved in the formation of the disulfide bond in various polypeptide chains for the dynamic folding of the membrane bound and surface exposed proteins (Vivian et al., 2009 ). We found 16 HPs possess oxidoreductaselike activity. HP Q9JY11 and HP Q9JZ90 showed the presence of NADPH-dependent FMN reductase and arsenate reductase activities, respectively. These enzymes may be a component of an arsenic resistance system, present in N. meningitidis, which may be responsible for the virulence (Neyt et al., 1997) .
HP Q9JXE8 belongs to the family of serine hydrolases, which is a group of enzymes with many functions such as lipases and proteases (Kaschani et al., 2009) . Moreover, HP Q9JXK0 and HP Q9JXJ9, which may be associated with the murein hydrolase activity, were grouped under 16 annotated hydolases and may be responsible for the separation of cells, architecture of membranes, and virulence of N. meningitidis (Adu-Bobie et al., 2004) . HP Q7DDI9, predicted to be a glycosyl hydrolase, was considered to be involved in the hydrolysis of glycosidic bonds between the polysaccharides (Henrissat et al., 1995) . Similarly the predicted sulfatase enzymes, associated with sulfur metabolism, were considered as potent drug targets because this process was found to be crucial for the pathogenesis of various bacterial species (Hatzios and Bertozzi, 2011) . HP Q9K144 showed thioesterase activity with functionality related to peptidyl-prolyl cis-trans isomerase. The latter enzyme is involved in the process of protein folding and is significant for the virulence of pathogens by developing resistance against oxidative stresses (Reffuveille et al., 2012) .
HP Q9JXA1 was predicted to be a thymidylate synthase. It may be involved in the catalytic conversion of deoxyuridine monophosphate into deoxythymidine monophosphate by the process of reductive methylation (Carreras and Santi, 1995) . Furthermore, among the six characterized synthases, the HPs Q9JXJ0, Q9JYN7, Q9JYZ4 and Q9K020 were found to be similar to pseudouridine synthases. This group of enzymes is responsible for the post-transcriptional modifications of the RNA molecules by catalyzing site-specific isomerization of uridine residues (Hamma and Ferre-D'Amare, 2006) .
The restriction enzyme of the Neisseria species triggers the damage of the DNA in the host cells during the infection, which affects the regulation of the cell cycle (Weyler et al., 2014) . Due to this reason, the 11 HPs annotated as restriction enzymes were believed to be involved in the diseases caused by N. meningitidis. Among six characterized lyases, the HP Q9JXT9 was found to be similar to diguanylate cyclase, and it may be involved in the formation of cyclic nucleotides and hence may be responsible in regulating the virulence-associated mechanisms such as cytotoxicity (Kulasakara et al., 2006) .
Chorismate pyruvate lyase-like activity was associated with HP Q9K084, indicating its involvement in the process of ubiquinone biosynthesis by the production of 4-hydroxybenzoate from chorismate (Nichols and Green, 1992) . Moreover, lytic transglycosylases are the class of enzyme with similar substrate affinity as that of lysozyme that catalyzes the cleavage of peptidoglycans (Scheurwater et al., 2008) . Therefore, HP Q9K0S1 may be involved in the maintenance of the bacterial cell structure. HP Q9K167 was an adenylate cyclase similar protein and may be involved in the conversion of adenosine triphosphate (ATP) into cyclic adenosine monophosphate (cAMP) (Steer, 1975) . Among seven nucleases, we observed that HPs Q9JZ83, Q9K080, and Q9K0P1 may function as ATPases. These enzymes catalyze the breakdown of ATP into adenosine diphosphate (ADP) and free phosphate ions (Geider and Hoffmann-Berling, 1981) . HP Q9K1N3 is homologous to alanine racemase and may be essential for the growth of N. meningitidis (Awasthy et al., 2012) .
Transporter
The processes associated with transport such as nutrient uptake or waste product excretion are considered to be essential for the metabolism of the organism. Seventy-nine HPs were found to be associated with transport mechanisms (Table 2 ). These transporter and carrier proteins were generally associated with the survival and virulence of the disease-causing pathogens (Freeman et al., 2013) . Annotation of seven HPs showed that they belong to the ATPbinding cassette (ABC 3) transporter family, possibly involved in the processes of the virulence because these HPs may be correlated with the uptake of iron, manganese, and zinc metal ions (Garmory and Titball, 2004) . Furthermore, this class of protein is also associated with bacterial attachment to the mucosal surfaces of the host cells, which is crucial for pathogenesis. Therefore, these HPs are considered as the probable target (Garmory and Titball, 2004) .
The phenomenon of multidrug resistance (MDR), distinguished by the instantaneous development of resistance against structurally and chemically diverse compounds, creates difficulties in treatment (Kumar and Varela, 2012) . Active extrusion, which is one of the many causes of MDR, arises primarily due to the action of ABC and the major facilitator superfamily (MFS) transporters (Kumar and Varela, 2012) . There are five HPs that may belong to the MFS superfamily of transporters and can be responsible for imparting the MDR in N. meningitidis.
HP Q9K149 is possibly involved in the transportation of citrate. Recent studies suggest that the intake of citrate may be essential for the virulence of Gram-negative bacteria (Urbany and Neuhaus, 2008) . HP Q7DDB9 is member of the NRAMP family of Mn 2 + and Fe 2 + transporters. The uptake of manganese is also associated with bacterial pathogenesis (Papp-Wallace and Maguire, 2006) . Similarly, HP Q9K1P7, characterized as the iron permease, may be involved in the transport of iron; uptake of this element plays a significant role in bacterial infection. A variety of bacterial virulence factors show the commencement of expression at lower levels of iron concentration (Braun, 2005) . There is limited absorption of iron for bacterial pathogens within the host because of lower circulation of free iron (Braun, 2005) . This form of iron leads to the formation of free radicals, which results in toxicity (Braun, 2005) . Bacteria absorb iron by chelating proteins such as transferrin, heme, and lactoferrin (Braun, 2005) . The member of family Neisseriaceae uses a siderophore-free mechanism for the uptake of iron from ironbinding proteins present in the host (Braun, 2005) . These highly specific surface receptors are expressed by bacterial pathogens that cause direct removal of bound iron by coming in direct contact with the iron carrier proteins (Braun, 2005) . Similarly, HP Q7DDB9 is member of the NRAMP family of Mn 2 + and Fe 2 + transporter; the uptake of manganese is also associated with bacterial pathogenesis (Papp-Wallace and Maguire, 2006).
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Cellular processes
131 HPs were found to be involved in various cellular processes such as binding, transcription, translation, and replication (Table 3 ). There were 7 lipoproteins, 11 transcriptional-related HPs, 11 bacteriophage-related proteins, 6 structural motifs, 21 virulence-related HPs, and 16 binding proteins. The bacterial lipoproteins formed by modification of lipids causes the attachment of hydrophilic proteins to the hydrophobic surfaces by the means of hydrophobic interactions (Kovacs-Simon et al., 2011) . This process of anchoring to the surface is important for many cellular processes, including the mechanism of virulence (Kovacs-Simon et al., 2011) . There are seven HPs with functionality similar to lipoproteins, and therefore these proteins may play important roles in adhesion, alteration of inflammatory mechanisms, and virulence factors translocation (Kovacs-Simon et al. 2011) . Eight HPs have a tetratricopeptide repeat (TPR); the activity of this structurally conserved motif is required for the assembly of multiple protein complexes. These motifs play significant roles in the virulenceassociated cell processes (Kondo et al., 2010) .
Proteins associated with the process of DNA-binding play an important role in bacterial pathogenesis. A structural motif such as the winged-helix-turn-helix in Staphylococcus aureus protein sarZ is associated with virulence by binding and activating cvf gene, which expresses into alpha hemolysin (Kaito et al., 2006) . Streptococcus regulatory system, the virulence regulatory protein Srv, belongs to the family of CRP/FNR transcriptional regulators (Doern et al., 2008) . The latter family members contain a characteristic helix-turnhelix motif (HTH) in the C-terminal region that is responsible for the DNA-binding (Doern et al., 2008) . After mutation analysis of this motif, an alteration was observed in the protein-DNA interaction (Doern et al., 2008 ) that indicates its regulatory role in the virulence of bacteria. Furthermore, helix-turn-helix structural motifs are mainly present and associated with transcription regulation.
Transcriptional regulators such as HilC and HilD are involved in the DNA-binding processes of Salmonella enterica, leads to infection causing invasion of mammalian host cells (Olekhnovich and Kadner, 2002) . Similarly, the HPs involved in RNA binding may also be involved in the pathogen survival in the host cells and also regulate its virulence factors (Ariyachet et al. 2013) . Moreover, proteins like RfaH involved in the regulatory processes of E. coli, modulates the expression of other proteins and plays a major role in the virulence of Gramnegative bacteria (Nagy et al., 2002) . Therefore these HPs of cellular processes may play an important role in the virulence of N. meningitidis.
MD simulation of virulent factors
Reliably predicted 3-D models of both HPs were subjected to 100 ns MD simulation. The solvated HPs were minimized at 1200 steps of steepest descent. Around 10,000 conformations were generated after the MD simulation. The generated conformations were clustered into 72 groups with an average RMSD of 0.1677 nm and 0.6710 nm for HP Q7DDQ9 and HP Q9JYT4, respectively. Furthermore, in order to understand the generated patterns for the respective HPs, we performed MD simulation on the virulence protein obtained from the VFDB database (Chen et al., 2005 ) for 20 ns. There were 43 proteins belonging to N. meningitidis among the dataset of 2454 bacterial virulence factor obtained from VFDB. The proteins VFG0255 and VFG0260 showed highest similarity to the respective virulent HPs were selected for MD simulations. VFG0255 is a capsule polysaccharide export outer membrane protein CtrA, while VFG0260 is a capsule polysaccharide modification protein LipB. The RMSD and R g values for both the HPs were closely related to virulent proteins obtained from VFDB. The HP Q9JYT4 showed higher total energy while it was lower for HP Q7DDQ9. This closeness in the conformational behaviors indicated that these HPs may be involved in the virulence of N. meningitidis.
Conclusions
Of the 698 HPs investigated, 363 were successfully annotated by utilizing their sequences in the genome of N. meningitidis. There are many proteins whose function and virulence nature have been annotated in this study, which were initially undiscovered in the genome of this pathogen. These characterizations are complemented by the involvement of these proteins in the signaling as well as secretory pathways. Although the exact molecular function of an HP cannot be deduced from the in silico approaches, this framework will be helpful in the deduction of their molecular function based on the clustered conserved residues or the general fold characters.
In this study, the structure and dynamics of the characterized virulence factors were also assessed using molecular dynamics simulations in order to better understand their conformational behavior. Our study may be important in understanding the role of host-pathogen interaction and can further be utilized in the development of better therapeutic agents using HPs as a potential drug target.
